INTRODUCTION
The outcome of clinical infectious diseases depends on both the virulence of the microbes and the appropriateness of host immune responses. An intact innate immunity with or without subsequent adaptive immunity towards the infecting organisms remains the most important factor in eradicating or controlling the infections. However, clinical deterioration as a result of immunopathological damage may occur as a result of an overwhelming rebound of the immune system, either temporally related to the withdrawal of immunosuppressive therapy such as steroid or cytotoxic agents, or secondary to treatment of microbes with potent immunosuppressive effects on the host such as HIV. It is manifested as immunorestitution disease, which has been described in previous studies [1, 2, 3] .
In addition, immune-mediated tissue damage can also develop in either immunosuppressed or immunocompetent patients infected with Mycobacterium tuberculosis, with disease manifestation or exacerbation during anti-tuberculosis therapy, a phenomenon that has been given the term 'paradoxical response' [4] [5] [6] [7] [8] [9] . Recent studies
showed that an upsurge of the absolute lymphocyte counts and conversion of tuberculin skin test from negative to positive occurred during paradoxical deterioration [10, 11] , even for patients co-infected with HIV [7] . A low baseline lymphocyte count with a subsequent greater upsurge is one of the risk factors for development of a paradoxical response [5] .
Apart from tuberculosis, clinical deterioration during the course of illness can also occur in immunocompetent patients affected by certain infectious diseases, giving rise to socalled biphasic illness patterns. For instance, leptospirosis is characterized by an initial bacteremic phase lasting 4 to 7 days, may be followed by an immune-mediated meningitis, uveitis, and pneumonitis, causing multiple organ failure [12, 13] . Dengue virus infection may also present with 'saddleback' biphasic fever pattern, followed by increased vascular permeability which can result in hypovolemic shock in some cases [14] . However, the association of an upsurge of absolute lymphocyte count with clinical deterioration in these patients has not been reported.
In this article, we report a cohort of immunocompetent patients with non-tuberculous community acquired infections in whom clinical deterioration occurred during an upsurge of the absolute lymphocyte count. The clinical spectrum of this phenomenon and its possible mechanisms are discussed.
MATERIALS AND METHODS

Patients
All clinical data were collected prospectively over a 24-month period (January 2000 -December 2001) on patients referred for infectious disease (ID) consultation in a tertiary hospital (Queen Mary Hospital, Hong Kong, a 1,350-bed teaching hospital).
Definition of clinical deterioration involving upsurge of lymphocyte count
For the purpose of this study, clinical deterioration involving upsurge of the lymphocyte count was defined as an acute symptomatic deterioration of a (presumably) pre-existing infection, which is temporally related to an increase in the absolute lymphocyte count.
The acute symptomatic deterioration included worsening of neurological symptoms such as mental confusion, disorientation, and convulsions; worsening of respiratory symptoms such as respiratory distress and development of pulmonary infiltrates and pleural effusion; and hypotension with multiple organ failure.
Surge in absolute lymphocyte count was defined as rise of lymphocyte count of ≥ 500 cells / μL if the baseline lymphocyte count was less than 500 cells / μL, or double the baseline value when the lymphocyte count was more than 500 cells / μL, within a 2-day period.
Exclusion criteria
Patients receiving immunosuppressive therapy (systemic steroids, cytotoxic agents, a combination of steroid and cytotoxic agents, or irradiation) or known to have immunodeficiency or infected with HIV were excluded from this study as these conditions may suppress the absolute lymphocyte count. Patients with chronic diseases such as diabetes mellitus, chronic renal failure, and chronic liver disease were also excluded from this study as they may have abnormal lymphocyte function. Patients with nosocomial infections were excluded because in-patient interventions may result in changes in lymphocyte count. Patients with diagnosis of M. tuberculosis infections were also excluded as they were analyzed separately in the context of paradoxical response [4, 5, 10] 
Time to development of clinical deterioration involving upsurge of lymphocyte count
The time to development of clinical deterioration involving upsurge of lymphocyte counts was defined as the interval between the initial clinical symptoms and the onset of symptomatic deterioration as defined above.
The consultation procedure has been described previously [15, 16] . Briefly, detailed history taking, physical examination and review of case notes were performed for each patient. Serial lymphocyte counts with subsequent surges, and the occurrence of symptomatic clinical deteriorations, were recorded and monitored for each patient.
Statistical evaluation
The characteristics of patients with or without lymphocyte surge during clinical deterioration were compared. The chi-square test was used for categorical variables. 
Case reports
Case 1
A 29 year-old man was admitted to hospital for persistent high swinging fever and headache 9 days after occupational exposure to a scrub area in Hong Kong. On admission, he had a temperature of 38. The renal function tests were normal. A clinical diagnosis of leptospirosis was made and he was given intravenous penicillin 1 MU q6h. Fever subsided after 3 days of therapy.
On day 5, however, he rapidly deteriorated with recurrent fever, hypotension and deranged liver and renal function. A chest radiograph revealed bilateral pulmonary infiltrates. A sudden surge in the lymphocyte count from 400 to 1100 cells / μL was observed on the day of deterioration. He was continued with intravenous penicillin for 1 week and recovered after a 2-month convalescent period. IgM antibodies to Leptospria interrogans were demonstrated by enzyme-linked immunosorbent assay.
Case 4
A 72-year-old lady with a history of dementia presented with low-grade fever, poor appetite, malaise, and generalized bone pain for 2 weeks. On admission, she was found 
Case 7
A 27-year-old man presented with neck pain, neck stiffness, and progressive headache for 1 week. On admission, he had a temperature of 37. 
Case 8
A 35-year-old woman presented with a 3-day history of fever, headache, nausea, and vomiting. On admission, she was mentally alert. Physical examination was unremarkable except for a low-grade fever of 37. 
Case 9
A 71-year-old woman was admitted for a 2-day history of sore throat and nonproductive cough. On admission, the white cell and lymphocyte counts were 2900 and 300 cells / μL respectively. She was treated conservatively as community acquired viral infection.
However, two days after admission, she deteriorated with respiratory distress and 
Case 11
A 67-year-old man with a history of chronic obstructive airway disease (COAD) was admitted complaining of shortness of breath for 2 days. On admission, his lymphocyte count was 400 cells / μL and the chest radiograph showed hyperinflated lung fields. He was diagnosed as having an exacerbation of COAD, and treatment with bronchodilators.
Three days after admission he developed worsening respiratory distress, and a chest radiograph revealed interstitial pneumonitis. This was associated with a surge in the lymphocyte count of 1100 cells / μL. He was intubated and mechanically ventilated in the intensive care unit. A nasopharyneal aspirate was positive for influenza A virus by direct antigen detection. He was extubated on day 7 and transferred to a convalescent hospital for further management.
Case 12
A 64-year-old man with an underlying history of chronic obstructive airway disease was admitted to hospital for increasing shortness of breath for 1 week. On admission, he was It is not surprising to observe an upsurge of the lymphocyte count in patients suffering from fastidious/intracellular bacteria and viruses because an adaptive immune response is required for their clearance [17] . However, the clinical outcome of infection is dependent on the appropriateness and exactness of the development of adaptive immunity. An overwhelming and exaggerated immune response may lead to excessive immunopathological damage at the tissue level [1] . This phenomenon is exemplified by scrub typhus, caused by O. tsutsugamushi, which is a gram negative obligate intracellular bacterium transmitted by the bites of infected mite. The pathologic damage of scrub typhus included disseminated vasculitis and perivasculitis of small blood vessels as a result of direct invasion and proliferation of O. tsutsugamushi in the vascular endothelial cells, which may lead to multiple organ failure [24] . In experimental studies, transient immunosuppression occurred during acute infection [18] . Subsequent development of specific T lymphocytic response, especially T-helper 1 cells, and development of delaytype hypersensitivity were important for protective immunity [20] [21] [22] [23] . However, an overwhelming immune response may contribute to the development of acute respiratory distress syndrome, which is caused by interstitial infiltration of lymphocytes without any evidence of vasculitic damage [25] . However, the serial lymphocyte counts were not mentioned during clinical deterioration in these case reports.
As for viral infection, dengue hemorrhagic fever occurred as a result of massive T lymphocyte activation leading to high level of inflammatory cytokine production such as interferon γ, interleukin 2, tumor necrosis factor α. Overproduction of cytokines that affect monocytes, endothelial cells, and hepatocytes may result in capillary leakage and deranged liver function [26, 27] . Development of T cell mediated immunity in respiratory virus infection has been associated with immunopathological damage in lungs in various experimental models [28, 29] . Influenza infection in CD8 T-cell depleted mice presented with less significant histological evidence of inflammatory injury which suggested that host T cells played a role in the immunopathological process [30] . Further study demonstrated that antigen-specific CD8 T cells were capable of recognizing an alveolar epithelial autoantigen, which triggered an inflammatory cascade and resulted in lung damage [31] . In contrast to CD8 T cell mediated damage in influenza virus infection, CD4 T cells have been shown to be detrimental to the host by mediating immunopathological damage in respiratory syncytial virus infection [32] .
It is possible that the upsurge in lymphocyte count may have been caused by specific microbial components or products. One interesting example illustrating some of the potential mechanisms may be found in the model of pertussis infection. Infection by Bordetella pertussis has been reported to result in peripheral blood lymphocytosis in infants [33, 34] . The expression of L-selectin (CD62L), an important cell surface adhesion molecule mediating extravasation of blood lymphocytes into tissues and homing of lymphocytes to lymph nodes, has been found to be marked reduced in infants with pertussis infection [33, 34] . In addition, it has been shown in animal models that expression of other lymphocyte adhesion molecules such as CD11a and CD18 (LFA-1)
are also reduced in macaques treated with pertussis toxin [35] . The significant downregulation of these adhesion molecules may prevent lymphocyte migration to areas of infection and homing of T and B cells to peripheral lymphoid tissues, resulting in peripheral blood lymphocytosis.
In additional to the microbial factors, specific host factors might have contributed to the upsurge in lymphocytes. Various cytokine levels can affect the lymphocyte count; for instance, increase in lymphocyte count has been shown to correlate with response to interleukin 2 therapy for malignant conditions [36, 37] . Even acute stress may lead to changes in lymphocyte count as a result of changes in integrin expression and lymphocyte trafficking in the body [38] . Thus, it is possible that the cytokine response or stress induced by some of the microbes may have contributed to the lymphocyte upsurge.
However, the scope of our study does not allow us to measure the various cytokine levels or to determine the pattern of expression of adhesion molecules on the lymphocytes.
Besides having lymphocyte upsurge during hospitalizations, many of our patients also had low lymphocyte counts on admission. Lymphopenia is not uncommonly observed in the acute phase of viral infections, such as during infection by respiratory syncytial virus [39] , avian influenza [40] and even SARS [41] ; in can also occur in the setting of severe sepsis [42] . One limitation of our study is that we could not differentiate whether the lymphocyte upsurge observed in our patients actually reflect initial migration of lymphocytes to infected tissues followed by subsequent rebound, or the effect of microbial and/or cytokine mediated lymphocyte apoptosis followed by reconstitution later in disease course. Further studies are warranted to delineate the underlying immunopathological mechanisms involved in this interesting phenomenon.
The exact mechanism mediating the immunopathology in various types of clinical infectious diseases requires further investigation. However, peripheral lymphocyte counts may act as a surrogate marker indicating the onset of possible immunopathological damage, which may be useful to infectious disease specialists who are involved in the care of these patients. Studies on lymphocyte subsets and cytokine levels would be useful in understanding this clinical entity. 
